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1
SURGICAL SYSTEM AND METHODS OF USE

TECHNICAL FIELD

The present disclosure relates generally to instruments and
devices for spinal surgery, and more particularly to expand-
able devices including a compliant sleeve configured to pre-
vent rupture of an inflatable body in situ. Methods of using
such devices are also provided.

BACKGROUND

Height loss is commonly associated with spinal fractures,
typically referred to as vertebral compression fractures. A
large segment of osteoporotic patients experience vertebral
compression fractures, with an estimated 700,000 such frac-
tures occurring annually. Kyphoplasty is aminimally invasive
procedure that is used to treat vertebral compression fractures
using a combination of vertebroplasty utilizing bone cement
with balloon catheter technology. The kyphoplasty procedure
restores height of the collapsed spinal bone, which diminishes
associated back pain.

In a kyphoplasty procedure, an inflatable balloon tamp
(IBT) is inserted inside a fractured vertebral body. The IBT is
inflated to create a cavity that is filled with bone cement to
restore height of the vertebral body.

Using conventional kyphoplasty procedures, the bone
cement cannot be injected into the vertebral body cavity next
to an inflated IBT at high pressure without risking a loss of
pressure due to the adjacent IBT rupturing. This restricts the
amount of height restoration that can be achieved from the
procedure. This disclosure describes an improvement over
these prior art technologies.

SUMMARY

In one embodiment, in accordance with the principles of
the present disclosure an expandable device is provided
including an inflatable device and a compliant sleeve having
a longitudinal axis. The compliant sleeve includes a distal
end, a proximal end, and a cavity extending from the proximal
end to the oppositely disposed distal end along the longitudi-
nal axis. The cavity is defined by an inner wall and an outer
wall of the compliment sleeve. The distal end of the compliant
sleeve forms a closed portion of the cavity and the proximal
end has an opening. The cavity is configured to receive a
portion of the inflatable body.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure will become more readily apparent
from the specific description accompanied by the following
drawings, in which:

FIG. 1a is a side, cross-sectional view of an expandable
device in accordance with the principles of the present dis-
closure;

FIG. 15 is a side, cross-sectional view of the expandable
device shown in FIG. 1a;

FIG. 1c¢ is a side view of a component of the expandable
device shown in FIG. 1a;

FIG. 1d is a cross-sectional view of an proximal end of a
component of the expandable device shown in FIG. 1a;

FIG. 2 is a side, cross-sectional view of a sleeve part in
accordance with the principles of the present disclosure dis-
posed within a component of the expandable device shown in
FIG. 1a;
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FIG. 3 is a plan view, in part cross-section, of a component
of the expandable device shown in FIG. 1a disposed with a
vertebra;

FIG. 3a is a side, cross-sectional view of the expandable
device shown in FIG. 1a disposed with the vertebrae;

FIG. 4 is a side, cross-sectional view of an expandable
device in accordance with the principles of the present dis-
closure;

FIG. 4a is a side, cross-sectional view of a component of
the expandable device shown in FIG. 4;

FIG. 5 is a side view of a stylet in accordance with the
principles of the present disclosure;

FIG. 6 is a plan view, in cross-section, of a surgical system
in accordance with the principles of the present disclosure
disposed with vertebrae;

FIG. 7 is a plan view, in cross-section, of a surgical system
in accordance with the principles of the present disclosure
disposed with vertebrae;

FIG. 8 is a plan view, in cross-section, of the system shown
in FIG. 7 disposed with vertebrae;

FIG. 9 is a plan view, in cross-section, of the system shown
in FIG. 7 disposed with vertebrae;

FIG. 10 is a plan view, in cross-section, of the system
shown in FIG. 7 disposed with vertebrae; and

FIG. 11 is a plan view of a component of the system shown
in FIG. 7 disposed with vertebrae.

Like reference numerals indicate similar parts throughout
the figures.

DETAILED DESCRIPTION

The exemplary embodiments of surgical system are dis-
cussed in terms of medical devices for the treatment of mus-
culoskeletal disorders and more particularly in terms of a
system comprising an expandable device including an inflat-
able body and a compliant sleeve configured to protect and
prevent damage to the inflatable body when bone void filler is
placed adjacent to the inflatable body and a method for treat-
ing a spine.

In one embodiment, the system includes a protective sleeve
made of silicone. It is envisioned that the protective sleeve
may also be made from thermoplastic polyurethane (TPU),
polyethylene terephthalate (PET), polyimide (nylon) or chro-
noprene. The protective sleeve houses an inflatable device,
such as for example, an inflatable balloon tamp configured for
use in a balloon kyphoplasty procedure. The protective sleeve
prevents bone material, such as for example bone cement
from contacting the inflatable balloon tamp when the protec-
tive is inserted into or adjacent a vertebral body and bone
cement is delivered to the vertebral body to treat a disorder,
such as, for example, a fracture and/or restore the height of the
vertebral body. It is envisioned that the protective sleeve will
prevent bone cement from contacting the inflatable balloon
tamp when the bone cement is delivered to a side of the
vertebral body that is contralateral to a side of the vertebral
body in which the protective sleeve is inserted.

In one embodiment, a first inflatable balloon tamp is
inserted into a first side of a vertebral body. The first inflatable
balloon tamp is then inflated such that cancellous bone of the
vertebral body is pushed toward the cortical walls of the
vertebral body to form a cavity. A protective sleeve is then
inserted into an opposite second side of the vertebral body. It
is envisioned that the protective sleeve can be inserted into the
vertebral body using an instrument, such as, for example, a
stylus. It is further envisioned that the protective sleeve may
be inserted into the vertebral body through a hole drilled into
the vertebral body. The stylus is removed and a second inflat-
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able bone tamp is inserted into the protective sleeve and
inflated within the protective sleeve. Once the second inflat-
able balloon tamp is inflated, the first inflatable balloon tamp
is removed from the vertebral body. Bone cement is delivered
to the cavity formed by the first inflatable balloon tamp. The
bone cement remains in the cavity until it cures. Once the
bone cement cures, the second inflatable balloon tamp is
deflated and removed from the protective sleeve. The protec-
tive sleeve is then removed from the vertebral body. It is
envisioned that bone cement may be delivered to the vertebral
body after the protective sleeve has been removed from the
vertebral body to fill the cavity formed by the first inflatable
balloon tamp, a cavity formed by inflation of the second
inflatable balloon tamp or another void in the vertebral body,
depending upon the requirement of a particular application.

It is envisioned that the system of the present disclosure
may be employed to treat spinal disorders such as, for
example, degenerative disc disease, vertebral compression
fractures, osteoporosis, spondylolisthesis, stenosis, scoliosis
and other curvature abnormalities, kyphosis, tumor and frac-
tures. It is contemplated that the system of the present disclo-
sure may be employed with other osteal and bone related
applications, including those associated with diagnostics and
therapeutics. It is further contemplated that the disclosed
system may be alternatively employed in a surgical treatment
with a patient in a prone or supine position, and/or employ
various surgical approaches to the spine, including anterior,
posterior, posterior mid-line, lateral, postero-lateral, and/or
antero-lateral approaches, and in other body regions. The
system of the present disclosure may also be alternatively
employed with procedures for treating the lumbar, cervical,
thoracic, sacral and pelvic regions of a spinal column. The
system of the present disclosure may also be used on animals,
bone models and other non-living substrates, such as, for
example, in training, testing and demonstration.

The present disclosure may be understood more readily by
reference to the following detailed description of the disclo-
sure taken in connection with the accompanying drawing
figures, which form a part of this disclosure. It is to be under-
stood that this disclosure is not limited to the specific devices,
methods, conditions or parameters described and/or shown
herein, and that the terminology used herein is for the purpose
of describing particular embodiments by way of example
only and is not intended to be limiting of the claimed disclo-
sure. Also, as used in the specification and including the
appended claims, the singular forms “a,” “an,” and “the”
include the plural, and reference to a particular numerical
value includes at least that particular value, unless the context
clearly dictates otherwise. Ranges may be expressed herein as
from “about” or “approximately” one particular value and/or
to “about” or “approximately” another particular value.
When such a range is expressed, another embodiment
includes from the one particular value and/or to the other
particular value. Similarly, when values are expressed as
approximations, by use of the antecedent “about,” it will be
understood that the particular value forms another embodi-
ment. It is also understood that all spatial references, such as,
for example, horizontal, vertical, top, upper, lower, bottom,
left and right, distal and proximal, are for illustrative purposes
only and can be varied within the scope of the disclosure. For
example, the references “upper’” and “lower” are relative and
used only in the context to the other, and are not necessarily
“superior” and “inferior”.

Further, as used in the specification, including the
appended claims, “treating” or “treatment” of a disease or
condition refers to performing a procedure that may include
administering one or more materials to a patient (human,
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normal or otherwise or other mammal), in an effort to allevi-
ate signs or symptoms of the disease or condition. Alleviation
can occur prior to signs or symptoms of the disease or con-
dition appearing, as well as after their appearance. Thus,
treating or treatment includes preventing or prevention of
disease or undesirable condition (e.g., preventing the disease
from occurring in a patient, who may be predisposed to the
disease but has not yet been diagnosed as having it). In addi-
tion, treating or treatment does not require complete allevia-
tion of signs or symptoms, does not require a cure, and spe-
cifically includes procedures that have only a marginal effect
on the patient. Treatment can include inhibiting the disease,
e.g., arresting its development, or relieving the disease, e.g.,
causing regression of the disease. For example, treatment can
include reducing acute or chronic inflammation; alleviating
pain and mitigating and inducing re-growth of new ligament
and/or bone, repairing a fracture or break in bone and other
tissues; as an adjunct in surgery; and/or any repair procedure.
Also, as used in the specification and including the appended
claims, the term “tissue” includes soft tissue, ligaments, ten-
dons, cartilage and/or bone unless specifically referred to
otherwise.

The following disclosure includes a description of a surgi-
cal system, including a protective sleeve configured for dis-
posal of an inflatable bone tamp (IBT), related components
and methods of employing the surgical system in accordance
with the principles of the present disclosure. Alternate
embodiments are also disclosed. References will now be
made in detail to the exemplary embodiments of the present
disclosure, which are illustrated in the accompanying figures.
Turning now to FIGS. 1a-6, there are illustrated components
of a surgical system in accordance with the principles of the
present disclosure.

The components of the disclosed system can be fabricated
from biologically acceptable materials suitable for medical
applications, including metals, synthetic polymers, ceramics
and bone material and/or their composites, depending on the
particular application and/or preference of a medical practi-
tioner. For example, the components of the disclosed system,
individually or collectively, can be fabricated from materials
such as stainless steel alloys, aluminum, commercially pure
titanium, titanium alloys, Grade 5 titanium, super-elastic tita-
nium alloys, cobalt-chrome alloys, stainless steel alloys,
superelastic metallic alloys (e.g., Nitinol, super elasto-plastic
metals, such as GUM METAL® manufactured by Toyota
Material Incorporated of Japan), ceramics and composites
thereof such as calcium phosphate (e.g., SKELITE™ manu-
factured by Biologix Inc.), thermoplastics such as pol-
yaryletherketone (PAEK) including polyetheretherketone
(PEEK), polyetherketoneketone (PEKK) and polyetherke-
tone (PEK), carbon-PEEK composites, PEEK-BaSO, poly-
meric rubbers, polyethylene terephthalate (PET), fabric, sili-
cone, polyurethane, silicone-polyurethane copolymers,
polymeric rubbers, polyolefin rubbers, hydrogels, semi-rigid
and rigid materials, elastomers, rubbers, thermoplastic elas-
tomers, thermoset elastomers, elastomeric composites, rigid
polymers including polyphenylene, polyamide, polyimide,
polyetherimide, polyethylene, epoxy, bone material includ-
ing autograft, allograft, xenograft or transgenic cortical and/
or corticocancellous bone, and tissue growth or differentia-
tion factors, partially resorbable materials, such as, for
example, composites of metals and calcium-based ceramics,
composites of PEEK and calcium based ceramics, compos-
ites of PEEK with resorbable polymers, totally resorbable
materials, such as, for example, calcium based ceramics such
as calcium phosphate, tri-calcium phosphate (TCP),
hydroxyapatite (HA)-TCP, calcium sulfate, or other resorb-
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able polymers such as polyaetide, polyglycolide, polyty-
rosine carbonate, polycaroplaetohe and their combinations.
Various components of the disclosed system may have mate-
rial composites, including the above materials, to achieve
various desired characteristics such as strength, rigidity, elas-
ticity, compliance, biomechanical performance, durability
and radiolucency or imaging preference. The components of
the disclosed system, individually or collectively, may also be
fabricated from a heterogeneous material such as a combina-
tion of two or more of the above-described materials. The
components of the disclosed system may be monolithically
formed, integrally connected or include fastening elements
and/or instruments, as described herein.

The disclosed system includes an expandable device 10
including a compliant sleeve 12 defining a longitudinal axis
L. Sleeve 12 includes a distal end 14, a proximal end 15, and
a U-shaped cavity 16 extending from end 15 to end 14 along
axis L. Cavity 16 is defined by an outer wall 17 and an inner
wall 18 of sleeve 12. End 14 forms a closed portion of cavity
16 and end 15 forms an open portion of cavity 16. An opening
19 at the open portion of cavity 16. Cavity 16 is configured to
receive an inflatable balloon tamp such as, for example an
inflatable body 20.

Body 20 includes a distal end 21 at a distal end portion 25
and a proximal end portion 26 configured to engage a fill tube
used to inflate portion 25. Portion 26 includes a lumen 22
extending to portion 25. Lumen 22 continuous with a fillable
cavity 23 located in portion 25. Cavity 23 is defined by a wall
24 configured to inflate upon receiving a material, such as, for
example, a gas or fluid. Cavity 23 is in communication with
lumen 22 and a fill tube so that material delivered from the fill
tube inflates cavity 23 outwardly toward wall 18. It is envi-
sioned that the material used to inflate cavity 23 can be in the
form of a liquid or a gas, for example, either saline or com-
pressed air. When inflated, wall 24 expands from a deflated
configuration illustrated in FIG. 1a to an inflated configura-
tion illustrated in FIG. 156. When wall 24 is in the inflated
configuration wall 24 pushes outwardly against wall 18.

Body 20 is configured to be inserted through opening 19
such that portion 25 is disposed within cavity 16. In one
embodiment, cavity 16 has a length sufficient for disposal of
portion 26 when portion 25 is disposed within cavity 16.
Body 20 is inserted into sleeve 12 with wall 24 in the deflated
configuration either before sleeve 12 is delivered to a surgical
site, such as, for example, a vertebral body or after sleeve 12
is delivered to the surgical site.

Sleeve 12 has thickness defined by the distance between
wall 18 and wall 17 configured to prevent wall 24 from
moving from the inflated configuration to the deflated con-
figuration upon delivery of a material, such as, for example, a
bone void filler adjacent to a surgical site. In one embodiment,
the thickness of sleeve 12 is within a range from about 0.001
inches to about 0.010 inches. It is envisioned that sleeve 12
may include any thickness, depending upon the requirements
of a particular application. It is further envisioned that the
thickness of sleeve 12 will permit expansion as wall 24 moves
from the deflated configuration to the inflated configuration.
It is contemplated that sleeve 12 can be fabricated from bio-
logically acceptable materials suitable for medical appara-
tuses including silicone, chloroprene, thermoplastic polyure-
thane (TPU), polyethylene terephthalate (PET), polyamide
(Nylon) or any suitable combination thereof.

In one embodiment, sleeve 12 is inserted into an access
hole in a bone, such as a vertebral body, using a sleeve-port
30, as shown in FIG. 2. Sleeve-port 30 includes a distal end 31
and a proximal end 32 and is configured to enter cavity 16
through opening 19. Sleeve-port 30 extends continuously
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from end 15 to end 14 along axis L. In one embodiment
sleeve-port 31 is tapered at end 31 for ease of retraction from
sleeve 12. In one embodiment, end 32 is configured as a
handle that is positioned on end 15. Sleeve-port 30 is config-
ured to be removed from sleeve 12 once sleeve 12 is inserted
into or adjacent in surgical site.

Sleeve 12 is inserted in an access port in a lower vertebral
body 404, for example, between two endplates of the same
vertebrae, as shown in FIG. 3. In an alternative embodiment,
sleeve 12 is inserted adjacent a surgical site, such as, for
example, between an upper vertebral body 40a and lower
vertebral body 404. In one embodiment, sleeve 12 is held in
position relative to body 40a and/or body 406 with a cannula
50 configured for disposal of sleeve 12. Body 405 has a
nucleus 42a that is surrounded by an annulus 44. End 14 is
disposed with sleeve 12 which is positioned in nucleus 42a.
Cannula 50 provides a protected access port to a disc space
between bodies 40a and 405.

Body 40a includes an inferior endplate 41a and body 405
includes a superior endplate 415. Wall 24 and sleeve 12
expand outwardly when wall 24 moves from the deflated
configuration to the inflated configuration thus causing the
distance between endplate 414 and inferior endplate 415 to
increase.

Cannula 50 includes an open ended access support portion
50q at a distal end of cannula 50, a handle portion 505, and a
holder portion 50¢. Portion 50¢ defines a bore 15a configured
for disposal of sleeve 12. In one embodiment, portion 50¢
includes a structural member in place of bore 15a that is
configured to maintain the position of sleeve 20 relative to
cannula 50. Portions 50a, 505, 50¢ are aligned along a longi-
tudinal axis [.1 and are interconnected by an open channel
194, which defines a lumen. Portion 50a is configured to
provide guidance and support for sleeve 12 during a surgical
procedure. That is, cannula 50 maintains the position and
trajectory of sleeve 12 relative to a surgical site, such as, for
example, a vertebral body to prevent sleeve 12 from moving
relative to the surgical site during the surgical procedure.

Portion 504 is connected to portion 50c¢. In one embodi-
ment, portion 505 and portion 50c¢ are integrally formed.
Portion 505 and portion 50c¢ are configured and dimensioned
to be larger than or equal to a size of sleeve 12 such that
portion 505 and portion 50c secure sleeve 12 in position
relative to cannula 50 during the surgical procedure. That is,
portions 505, 50c¢ are configured to be larger than an outer-
most diameter of sleeve 12 when body 20 is in an inflated
configuration. End 15 is folded within bore 154 to provide
slack to sleeve 12 so that the amount of stretching required by
sleeve 12 when body 20 moves from a deflated configuration
to an inflated configuration is kept to a minimum. Body 20 is
positioned inside a cavity 16 of sleeve 12 when a fillable
cavity 23 of body 20 is in a deflated configuration. The
amount of folding of end 15 is at a maximum when cavity 23
is in the deflated configuration. Cavity 23 is movable from a
deflated configuration to an inflated configuration. When cav-
ity 23 is in the inflated configuration, the amount of folding of
end 15 decreases.

Portion 50c¢ and portion 5056 extend outwardly beyond an
outer surface of sleeve 12. In one embodiment, portion 505
includes wings and portion 50c is in the shape of a bar. In one
embodiment, portions 5056, 50¢ include semicircles. Portion
50c is configured to secure sleeve 12 in place as body 20 is
inserted into sleeve 12 and cavity 23 moves from a deflated
configuration to an inflated configuration.

Opening 19 in a proximal end of portion 50¢ is in commu-
nication with end 21. In one embodiment, opening 19
includes a valve that can be opened and closed to permit and
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prevent entry of a material, respectively. Opening 19 is in
communication with a channel 194 extending through sleeve
12 such that tools and instruments may interlock or otherwise
be threaded therethrough. It is envisioned that opening 19
may include various clips, protrusions detents, etc. to mate
with and secure the various tools or instruments (e.g., a tro-
car). Channel 19a is configured for disposal of sleeve 12 with
body 20 positioned therein. In one embodiment, end 14
extends beyond portion 50a when sleeve 12 engages cannula
50.

The disclosed system includes a blunt stylet 82 configured
to facilitate insertion of an inflatable body, such as, for
example, body 20 into a sleeve, such as, for example, sleeve
12. In one embodiment, stylet 82 has a length that extends at
least from end 15 to end 14 such that stylet 82 can be used to
insert body 20 within cavity 16. It is envisioned that other
structures or tools may be used in place of or in addition to
stylet 82 to position body 20 within cavity 16. Stylet 82 can
also be used to place sleeve 12 inside vertebrate body.

In one embodiment, a trocar or sharp-ended stylet is
inserted into cannula 50 when cannula 50 is positioned adja-
cent a surgical site, such as, for example, adjacent body 40a
and/or body 405 for piercing tissue. The stylet is then
removed from the surgical site and a drill used to prepare a
hole into the desired location. Portion 505 engages portion
50a with sleeve 12 positioned in bore 154 in a folded con-
figuration. A sleeve-port 30 is used to position sleeve 12 into
a hole formed in body 40a or 405. Sleeve-port 30 is detached
from sleeve 12 and removed once sleeve 12 is positioned
adjacent the surgical site, according to the preference of a
medical practitioner. In one embodiment, end 15 is secured in
portion 505 with slack so that when body 20 is inflated, sleeve
12 is not required to stretch in a significant manner.

In one embodiment, shown in FIG. 6, the disclosed system
includes a first and second expandable device 10. Fither the
first or second or both expandable device can have a protec-
tive sleeve 12. Once the first and second devices are posi-
tioned in the vertebral body and expanded, the expanded
portions can be positioned apart from one another or config-
ured to touch one another. That is, cavity 23 of the second
expandable device is configured to clear cancellous bone
debris from a fractured bone and push the debris to a cortical
wall region to create a void that can be filled with bone void
filler. The void can be expanded with expansion of the first
device which, will also be filled with bone void filler. The first
expandable device is separately or independently inflatable
from the second expandable device.

It is envisioned that the bone void filler may include, for
example, materials such as stainless steel alloys, aluminum,
commercially pure titanium, titanium alloys, Grade 5 tita-
nium, super-elastic titanium alloys, cobalt-chrome alloys,
stainless steel alloys, superelastic metallic alloys (e.g., Niti-
nol, super elasto-plastic metals, such as GUM METAL®
manufactured by Toyota Material Incorporated of Japan),
ceramics and composites thereof such as calcium phosphate
(e.g., SKELITE™ manufactured by Biologix Inc.), thermo-
plastics such as polyaryletherketone (PAEK) including poly-
etheretherketone (PEEK), polyetherketoneketone (PEKK)
and polyetherketone (PEK), carbon-PEEK composites,
PEEK-BaSO,, polymeric rubbers, polyethylene terephthalate
(PET), fabric, silicone, polyurethane, silicone-polyurethane
copolymers, polymeric rubbers, polyolefin rubbers, hydro-
gels, semi-rigid and rigid materials, elastomers, rubbers, ther-
moplastic elastomers, thermoset elastomers, elastomeric
composites, rigid polymers including polyphenylene, polya-
mide, polyimide, polyetherimide, polyethylene, epoxy, bone
material including autograft, allograft, xenograft or trans-
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genic cortical and/or corticocancellous bone, and tissue
growth or differentiation factors, partially resorbable materi-
als, such as, for example, composites of metals and calcium-
based ceramics, composites of PEEK and calcium based
ceramics, composites of PEEK with resorbable polymers,
totally resorbable materials, such as, for example, calcium
based ceramics such as calcium phosphate, tri-calcium phos-
phate (TCP), hydroxyapatite (HA)-TCP, calcium sulfate, or
other resorbable polymers such as polyaetide, polyglycolide,
polytyrosine carbonate, polycaroplaetohe and their combina-
tions. The bone void filler may have material composites,
including the above materials, to achieve various desired
characteristics such as strength, rigidity, elasticity, compli-
ance, biomechanical performance, durability and radiolu-
cency or imaging preference.

The first expandable device is inserted into the tissue 49
through an access port, such as, for example, portion 50a of
the cannula 50. Opening 19 of the first expandable device
provides access to a fill tube such that cavity 23 is in commu-
nication with the fill tube and cavity 23 may expand in an
outward direction that may be disposed in sleeve 12. End 14
of' the first expandable device is placed adjacent to cavity 23
of the second expandable device or void 80. The second
expandable device is inserted into tissue 49 through portion
50d of cannula 50. In one embodiment, the first and second
expandable devices are inserted through the same cannula
which can be configured with two separate channels, one for
each of the expandable devices. Opening 19 of the second
expandable device is configured to connect a fill tube with the
inflatable body 20 through a channel that is in communication
with the distal end of cavity 23. In one embodiment, fluid is
utilized to inflate cavity 23. It is envisioned that the fluid can
be asaline, contrast solution or compressed air. Once the fluid
reaches cavity 23 of the second inflatable device, cavity 23
expands in an outwardly direction to create void 80 in tissue
49. In one embodiment, stylet 82 is used to insert body 20 of
the second expandable device into portion 50d of cannula 50,
stylet 82 being removed prior to inflating body 20.

Referring to FIGS. 7-11, a sleeve 12 is used to prevent
rupture of a body 20 as bone cement 92 (shown in FIGS. 8-11)
is injected into disc space 42 in a balloon kyphoplasty proce-
dure. In this configuration, only one sleeve 12 is used to
protect against balloon rupture, for example, to prevent rup-
ture of the balloon when inflated as it comes in contact with
cement material. In one embodiment, both IBTs can have
sleeves. Cement 92 is injected through a delivery tube 90 held
by an access port 50e. The disclosed system includes a first
expandable device, such as, for example, device 10 and a
second expandable device, such as, for example, device 10
positioned within sleeve 12. The first expandable device is
inserted through a channel 50 and inflated by fluid directed
through opening 19 of the first expandable device that is
attached to a fill tube and fill source. Once filled and inflated,
a body 20 of the first expandable device pushes debris from
vertebral body 42 toward a cortical wall of the vertebral body.
While body 20 of the first expandable device is still inflated,
sleeve 12 is inserted into the vertebral body through a channel
portion 50a to position end 14 of sleeve 12 into vertebral body
42 using either stylet 82 or sleeve-port 30 or device 10. Stylet
82 (or sleeve-port 30) is removed and the second expandable
device is inserted into sleeve 12 using stylet 82, which is
removed thereafter. The second expandable device is posi-
tioned such that body 20 is in close proximity to end 14 of
sleeve 12. The second expandable device is filled with fluid
entering opening 19, opening 19 being attached to a fill tube
and fill source. The inflated body 20 of the second inflatable
body is positioned in close proximity to the inflated body 20
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of the first expandable device. In one embodiment, the first
and the second expandable devices are inflated.

Body 20 of the first expandable device is deflated leaving
void 80 in disc space 42. If a dual channel cannula is utilized,
then the channel dedicated to the first expandable device is
plugged following the removal of the first expandable device
with a plug member to prevent leakage of bone cement 92.
Bone cement 92 is delivered through delivery tube 90
attached to a bone cement source with a distal end of tube 90
extending into void 80.

The second expandable device remains inflated while bone
cement 92 is delivered to void 80. The second expandable
device, including sleeve 12 is then removed only after bone
cement 92 has cured or at least partially cured. Bone cement
92 is then delivered to void 80a. To reach void 804, tube 90 is
moved to cannula 50a and inserted to void 80a to complete
filling vertebral body 42. FIG. 11 shows cured bone cement in
vertebral body 42 after the disclosed system is removed from
the vertebral body.

It is envisioned that the disclosed, including first and sec-
ond expandable devices 10, may be used in any existing
surgical method or technique including open surgery, mini-
open surgery, minimally invasive surgery and percutaneous
surgical implantation.

It is contemplated that other agents and materials may be
delivered to a surgical site using the disclosed system, includ-
ing first and second expandable devices 10, in place of or in
addition to a bone void filler. These agents include therapeutic
polynucleotides or polypeptides. These agents may also
include biocompatible materials, such as, for example, bio-
compatible metals and/or rigid polymers, such as, titanium
elements, metal powders of titanium or titanium composi-
tions, sterile bone materials, such as allograft or xenograft
materials, synthetic bone materials such as coral and calcium
compositions, such as hydroxyapatite (HA), calcium phos-
phate and calcium sulfate, biologically active agents, for
example, gradual release compositions such as by blending in
a bioresorbable polymer that releases the biologically active
agent or agents in an appropriate time dependent fashion as
the polymer degrades within the patient. Suitable biologically
active agents include, for example, Bone Morphogenetic Pro-
teins (BMP), Growth Differentiation Factors (GDF) and
cytokines.

In performing a method of treatment using the expandable
device, it can be desirable that the compliant sleeve not adhere
to tissue or other surfaces such as the bone void filler while it
is curing. Thus, various coatings can be applied to wall 17,
Teflon spray or silicon oil. Other coatings are also contem-
plated, so long as they prevent adhesion of wall 17 with bone
void filler. In one embodiment, a portion of one or both of the
first and second expandable devices are coated with a
radioopaque or fluorescent material that is detectable by
medical imaging devices so as to determine orientation and
degree of inflation when placed in the bone.

It is envisioned that the use of microsurgical and image
guided technologies may be employed to access, view and
repair bone deterioration or damage, in conjunction with the
expandable devices.

It will be understood that various modifications may be
made to the embodiments disclosed herein. Therefore, the
above description should not be construed as limiting, but
merely as exemplification of the various embodiments. Those
skilled in the art will envision other modifications within the
scope and spirit of the claims appended hereto.

What is claimed is:

1. An expandable device system comprising:

an expandable device comprising:
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an inflatable body, and

a compliant sleeve having a longitudinal axis, the com-
pliant sleeve including a distal end, a proximal end,
and a cavity extending from the proximal end to the
oppositely disposed distal end along the longitudinal
axis, the cavity defined by an inner wall and an outer
wall of the compliant sleeve, the distal end of the
compliant sleeve forming a closed portion of the cav-
ity and the proximal end including an opening, the
cavity being configured to receive a portion of the
inflatable body; and

a cannula including a holder portion configured to secure
the proximal end of the compliant sleeve to the cannula,
wherein at least a portion of the compliant sleeve is
folded in the holder portion following inflation of the
inflatable body.

2. An expandable device system according to claim 1,
wherein the holder portion is a bore extending transverse to
the longitudinal axis and the inflatable body includes a fillable
cavity.

3. An expandable device system as recited in claim 1,
wherein the bore is defined in part by opposite first and second
inner surfaces of the cannula that extend transverse to the
longitudinal axis and opposite third and fourth inner surfaces
of'the cannula that extend parallel to the longitudinal axis, the
third and fourth inner surfaces each extending between the
first and second inner surfaces.

4. An expandable device system as recited in claim 1,
wherein the cannula includes a central passageway that is
coaxial with the longitudinal axis, the expandable device
extending through the central passageway, the cannula being
free of any passageways that surround the central passageway
and extend parallel to the longitudinal axis.

5. An expandable device system as recited in claim 1,
further comprising:

a sleeve-port configured to enter the cavity through the
opening to insert the complaint sleeve into or adjacent a
surgical site, the sleeve-port comprising a tapered distal
end and a handle at a proximal end of the sleeve-port, the
handle having a maximum diameter perpendicular to the
longitudinal axis that is greater than that of the cavity;
and

a blunt stylet configured to facilitate insertion of the inflat-
able body into the cavity, the blunt stylet having a maxi-
mum length along the longitudinal axis that is equal to or
greater than a maximum length of the compliant sleeve
along the longitudinal axis.

6. An expandable device system comprising:

a first expandable device having:
an inflatable body, and
a compliant sleeve along a longitudinal axis, the com-

pliant sleeve having a cavity extending from a proxi-
mal end to an oppositely disposed distal end along the
longitudinal axis, the cavity defined by an inner wall
and an outer wall of the compliant sleeve, the distal
end forming a closed portion of the cavity and the
proximal end including an opening, the cavity being
configured to receive a portion of the inflatable body;

a cannula including a holder portion configured to secure
the proximal end of the compliant sleeve to the cannula,
wherein at least a portion of the compliant sleeve is
folded in the holder portion following inflation of the
inflatable body; and

a second expandable device including an inflatable body,

wherein the inflatable body of the first expandable device is
configured to form a void of a first size and the inflatable
body of the second expandable device is configured to
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form a void of a second size, wherein the void of the
second size is larger than the void of the first size.

7. An expandable device system according to claim 6,
wherein the holder portion is a bore extending transverse to
the longitudinal axis and the inflatable body includes a fillable
cavity.

8. An expandable device system according to claim 6,
further comprising a material delivery device configured to
deliver bone void filler to the first void and the second void.

9. An expandable device system according to claim 8,
wherein the bone void filler comprises polymethylmethacry-
late (PMMA).

10. An expandable device system according to claim 6,
wherein the compliant sleeve comprises silicon.

11. An expandable device system according to claim 6,
wherein a thickness between the inner and outer wall is within
a range of 0.001 inches to 0.010 inches.

12. An expandable device system according to claim 6,
wherein the cannula further comprises a handle portion, the
cannula holder portion and the cannula handle portion being
configured to be larger than an outermost diameter of the
compliant sleeve in a fully extended position.

13. An expandable device system according to claim 6,
wherein the cannula further comprises an open access support
portion configured to provide guidance and support for the
compliant sleeve.

14. An expandable device system according to claim 6,
wherein the compliant sleeve is configured to have slack
when the inflatable body of the first expandable device is in a
deflated configuration.

15. A method for performing spinal surgery comprising:

providing the expandable device system of claim 6;

accessing a vertebral body;

inserting said first expandable device into the vertebral

body;

inflating said inflatable body of said first expandable device

to create a first void in the vertebral body;

inserting said second expandable device into the vertebral

body;
inflating the inflatable body of said second expandable
device to create a second void in the vertebral body;

deflating the inflatable body ofsaid first expandable device
and removing said first expandable device from the ver-
tebral body after inflating the inflatable body of said
second expandable device;

inserting bone void filler into at least a portion of the first

void and allowing said inserted bone void filler to at least
partially cure;

deflating the inflatable body of said second expandable

device and removing the inflatable body of said second
expandable device and the compliant sleeve from the
vertebral body after insertion, the bone void filler into
the first void; and

filling the second void with bone void filler.
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16. An expandable device system as recited in claim 6,
wherein the cannula extends along the longitudinal axis
between a first end having a first end surface and an opposite
second end having a second end surface, the first end com-
prising the holder portion, the end surfaces extending perpen-
dicular to the longitudinal axis, the cannula comprising a
passageway having a first opening extending through the first
end surface and a second opening extending through the
second end surface, the first opening having a maximum
diameter that is less than that of the second opening.

17. An expandable device system as recited in claim 6,
wherein the at least a portion of the compliant sleeve is folded
in the holder portion prior to inflation of the inflatable body,
an amount of folding of the at least one portion of the com-
plaint sleeve being at a minimum prior to inflation of the
inflatable body.

18. An expandable device system as recited in claim 6,
further comprising a valve positioned within the opening, the
valve being configured to open and close to permit and pre-
vent entry of material into the cavity.

19. An expandable device system as recited in claim 6,
wherein the holder member defines a first channel in the
cannula configured for disposal of the first expandable device
and the cannula includes a second channel that is separate
from the first channel and configured for disposal of the
second expandable device.

20. An expandable device system comprising:
an expandable device comprising:
an inflatable body, and

acompliant sleeve defining a longitudinal axis, the com-
pliant sleeve including a cavity extending from the
proximal end of the compliant sleeve to an oppositely
disposed distal end of the complaint sleeve along the
longitudinal axis, the distal end of the compliant
sleeve forming a closed portion of the cavity and the
proximal end including an opening, the cavity being
configured to receive a portion of the inflatable body;

a cannula including a holder portion configured to secure
the proximal end of the compliant sleeve to the cannula;

a sleeve-port configured to enter the cavity through the
opening to insert the complaint sleeve into or adjacent a
surgical site, the sleeve-port comprising a handle having
a maximum diameter that is greater than that of the
cavity; and

a blunt stylet configured to facilitate insertion of the inflat-
able body into the cavity, the blunt stylet having a maxi-
mum length along the longitudinal axis that is equal to or
greater than a maximum length of the compliant sleeve
along the longitudinal axis.
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